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BACKGROUND  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   t o  

2 - h y d r o x y - 4 - m e t h y l t h i o b u t a n o i c   a c i d ,   an  a n a l o g u e   o f  

t he   e s s e n t i a l   amino   a c i d   m e t h i o n i n e ,   c o m m o n l y   r e f e r r e d  

to  as  m e t h i o n i n e   h y d r o x y   a n a l o g u e .   More  p a r t i c u l a r l y ,  

t he   p r e s e n t   i n v e n t i o n   r e l a t e s   to  s o l i d   m e t h i o n i n e  

h y d r o x y   a n a l o g u e   c o m p o s i t i o n s   w h i c h   h a v e   a  

s u b s t a n t i a l l y   h i g h e r   2 - h y d r o x y - 4 - m e t h y l t h i o b u t a n o i c  

a c i d   c o n t e n t   t h a n   s o l i d   c o m p o s i t i o n s   r e p o r t e d  

h e r e t o f o r e .  

V a r i o u s   m e t h o d s   f o r   p r e p a r i n g   m e t h i o n i n e   a r e  

known.   For  e x a m p l e ,  t h e   s y n t h e s i s   of  m e t h i o n i n e   f r o m  

m e t h y l   m e r c a p t a n   and  a c r o l e i n   i n v o l v e s   t he   p r e p a r a t i o n  

of  m e t h y l m e r c a p t o p r o p i o n a l d e h y d e   w h i c h   is   r e a c t e d   w i t h  

h y d r o c y a n i c   a c i d   to  fo rm  2 - h y d r o x y - 4 - m e t h y l t h i o -  

b u t y r o n i t r i l e   w h i c h   is   s u b s e q u e n t l y   a m i n a t e d   a n d  

h y d r o l y z e d   to  m e t h i o n i n e .   U n f o r t u n a t e l y ,   t he   r e a c t i o n  

of  2 - h y d r o x y - 4 - m e t h y l t h i o b u t y r o n i t r i l e   w i t h   ammonia   i s  

a  d i f f i c u l t   and  c o s t l y   p r o c e d u r e   r e q u i r i n g   the   use   o f  

h i g h   p r e s s u r e   a p p a r a t u s .   I t   was  s u b s e q u e n t l y   f o u n d  

t h a t   m e t h i o n i n e   a n a l o g u e s   s u c h   as  2 - h y d r o x y - 4 -  

m e t h y l t h i o b u t a n o i c   a c i d ,   h e r e i n a f t e r   r e f e r r e d   to  a s  

HMBA,  a r e   v i r t u a l l y   as  e f f e c t i v e   as  m e t h i o n i n e   f o r  

n u t r i t i o n a l   u s e s ,   p a r t i c u l a r l y   as  a  p o u l t r y   f e e d  

s u p p l e m e n t .   H o w e v e r ,   t he   c r y s t a l l i n e   fo rm  of  HMBA  h a s  

a  m e l t i n g   p o i n t   b e t w e e n   38°C  and  42°C  d e p e n d i n g   on  t h e  

p u r i t y ,   r e n d e r i n g   i t   s u s c e p t i b l e   to  l i q u i d - s o l i d   p h a s e  

c h a n g e   upon  s t o r a g e   or  use   a t   a m b i e n t   t e m p e r a t u r e s .  

S i n c e   a l l   f e e d   m i l l i n g   o p e r a t i o n s ,   p a r t i c u l a r l y   t h o s e  

in  d e v e l o p i n g   c o u n t r i e s ,   a r e   no t   e q u i p p e d   to  h a n d l e  

l i q u i d s   in  t h e i r   m i x i n g   p r o c e s s e s ,   a  s t a b l e ,   s o l i d  

fo rm  of  HMBA  is   o f t e n   more  p r a c t i c a l .  



A  s o l i d   fo rm  of  HMBA  has   been   d i s c l o s e d  

w h e r e i n   t h e   a c i d   is  s p r a y e d   o n t o   a  s o l i d   s u p p o r t   s u c h  

as  f e e d   g r a d e   v e r m i c u l i t e ,   f o r   e x a m p l e   see   R o m o s e r   e t  

a l . ,   P o u l t .   S c i .   55  ( 3 ) ,   pp  1 0 9 9 - 1 1 0 3   ( 1 9 7 6 ) .  

U n f o r t u n a t e l y ,   a t   t h e   h i g h   l o a d i n g s   n e c e s s a r y   t o  

a c h i e v e   r e a s o n a b l e   m e t h i o n i n e   a c t i v i t y   pe r   u n i t   w e i g h t  

t h e   c o m p o s i t i o n   o f t e n   b e c o m e s   s t i c k y ,   d o e s   no t   f l o w  

f r e e l y   and  is  h i g h l y   h y g r o s c o p i c .  

W h i l e   v a r i o u s   s a l t s   of  2 - h y d r o x y - 4 -  

m e t h y l t h i o b u t a n o i c   a c i d   h a v e   been   d i s c l o s e d ,   o n l y   t h e  

c a l c i u m   s a l t   of  HMBA  is   a p p r o v e d   by  t h e   U n i t e d   S t a t e s  

Food  and  Drug  A d m i n i s t r a t i o n   fo r   use   as  an  a n i m a l   f e e d  

s u p p l e m e n t .   The  c o n v e n t i o n a l   c a l c i u m   s a l t   of  HMBA, 

h e r e i n a f t e r   r e f e r r e d   to  as  Ca(HMBA)2,   c o n s i s t s   of  t w o  

m o l e s   of  HMBA  e q u i v a l e n t   p e r   mole   of  c a l c i u m .  

M o r e o v e r ,   m e t h o d s   d i s c l o s e d   f o r   p r e p a r i n g   t h e  

a b o v e - d e s c r i b e d   c a l c i u m   s a l t   t e a c h   r e a c t i n g  

e s s e n t i a l l y   s t o i c h i o m e t r i c   a m o u n t s   o f  

2 - h y d r o x y - 4 - m e t h y l t h i o b u t a n o i c   a c i d   and  c a l c i u m   o x i d e  

or  c a l c i u m   h y d r o x i d e   to  y i e l d   t he   c o n v e n t i o n a l   i o n i c  

s a l t ,  f o r   e x a m p l e   s ee   U .S .   p a t e n t  4 , 3 3 5 , 2 5 7 .  

I t   is  t h e r e f o r e   t he   o v e r a l l   o b j e c t   of  t h e  

p r e s e n t   i n v e n t i o n   to  p r o v i d e   a  s o l i d   fo rm  o f  

HMBA  h a v i n g   s u b s t a n t i a l l y   h i g h e r   HMBA  e q u i v a l e n t   p e r  
u n i t   w e i g h t   t h a n   s o l i d   f o r m s   d i s c l o s e d   h e r e t o f o r e .  

I t   is  an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   a  s o l i d   fo rm  of-HMBA  w h i c h   f l o w s   f r e e l y   and  i s  

n o t   h i g h l y   h y g r o s c o p i c .  

I t   is   a n o t h e r   o b j e c t   of  t h e   p r e s e n t  

i n v e n t i o n   to  p r o v i d e   a  c a l c i u m   s a l t   c o m p l e x   of  HMBA 

h a v i n g   s u b s t a n t i a l l y   h i g h e r   HMBA  e q u i v a l e n t   t h a n   t h e  

c o n v e n t i o n a l   c a l c i u m   s a l t   d i s c l o s e d   h e r e t o f o r e .  

I t   is   y e t   a n o t h e r   o b j e c t   of  t h e   p r e s e n t  

i n v e n t i o n   to  p r o v i d e   a  p r o c e s s   f o r   p r e p a r i n g   t h e  

e n h a n c e d   HMBA  c o m p o s i t i o n s   e m b r a c e d   by  t h e   p r e s e n t  



i n v e n t i o n .  

T h e s e   and  o t h e r   o b j e c t s ,   f e a t u r e s   a n d  

a d v a n t a g e s   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   b e c o m e  

e v i d e n t   to  t h o s e   s k i l l e d   in  t he   a r t   f rom  t h e   f o l l o w i n g  

d e s c r i p t i o n .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   an  e n h a n c e d  

2 - h y d r o x y - 4 - m e t h y l t h i o b u t a n o i c   a c i d   c o m p o s i t i o n  

c o m p r i s i n g   g r e a t e r   t h a n   two  and  l e s s   t h a n   a b o u t   t e n  

m o l e s   of  HMBA  e q u i v a l e n t   p e r   mole   of  c a l c i u m .  

C o m p o s i t i o n s   c o m p r i s i n g   l e s s   t h a n   a b o u t   s i x   m o l e s   o f  

HMBA  e q u i v a l e n t   p e r   mole   of  c a l c i u m   a r e   p r e f e r r e d  

s i n c e   t h e s e   c o m p o s i t i o n s   made  by  t he   p r o c e s s   of  t h i s  

i n v e n t i o n   a r e   f r e e   f l o w i n g   p o w d e r s   or  a g g l o m e r a t e s   a n d  

t h e r e f o r e   p o s s e s s   s u p e r i o r   b l e n d i n g   c h a r a c t e r i s t i c s .  

The  c o m p o s i t i o n   can  be  e a s i l y   p r e p a r e d   b y  

c o n t a c t i n g   a d d i t i o n a l   HMBA  w i t h   t he   c o n v e n t i o n a l  

c a l c i u m   s a l t   or  by  c o n t a c t i n g   c a l c i u m   o x i d e ,   h y d r o x i d e  

or  c a r b o n a t e   w i t h   HMBA  in  t he   p r e s e n c e   or  a b s e n c e   of  a  

h e e l   of  t h e   c o n v e n t i o n a l   c a l c i u m   s a l t   of  HMBA  or  t h e  

e n h a n c e d   HMBA  c o m p o s i t i o n   of  t he   p r e s e n t   i n v e n t i o n .  

A l t e r n a t e l y ,   c o m p o s i t i o n s   c o m p r i s i n g   g r e a t e r   t h a n   t w o  

and  l e s s   t h a n   a b o u t   f o u r   m o l e s   of  HMBA  e q u i v a l e n t   p e r  

mole   of  c a l c i u m   can   be  e a s i l y   f o r m e d   b y  

c r y s t a l l i z a t i o n   f rom  an  a q u e o u s   s o l u t i o n   of  HMBA  a n d  

Ca(HMBA)2,   c a l c i u m   o x i d e   or  c a l c i u m   h y d r o x i d e .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

I t   has   been   f o u n d   t h a t   when  t he   c a l c i u m   s a l t  

of  2 - h y d r o x y - 4 - m e t h y l b u t a n o i c   a c i d   is   p r e p a r e d   in  t h e  

p r e s e n c e   of  an  e x c e s s   of  HMBA  a  s a l t   c o m p l e x   i s  

f o r m e d .   The  s a l t   c o m p l e x   has   a  d i s t i n c t l y   d i f f e r e n t  

c r y s t a l l i n e   s t r u c t u r e   t h a n   Ca(HMBA)2  as  e v i d e n c e d   b y  

X - r a y   p o w d e r   d i f f r a c t i o n .   W h i l e   n o t   f u l l y   u n d e r s t o o d ,  

t he   s a l t   c o m p l e x   e m b r a c e d   by  t he   p r e s e n t   i n v e n t i o n  

c o m p r i s e s   a b o u t   f o u r   m o l e s   of  HMBA  pe r   mole   of  c a l c i u m  



and  has   a  m e l t i n g   p o i n t   of  a b o u t   1 3 0 ° C .  

W h i l e   Ca(HMBA)2  c o n s i s t s   of  a p p r o x i m a t e l y  

8 8 . 8   wt %  HMBA  e q u i v a l e n t ,   t h e   p u r e   s a l t   c o m p l e x   o f  

t he   p r e s e n t   i n v e n t i o n   c o n s i s t s   of  a p p r o x i m a t e l y   9 4 . 0  

wt%  HMBA  e q u i v a l e n t .   I t   s h o u l d   t h e r e f o r e   be  e v i d e n t  

to  one  s k i l l e d   in  t he   a r t   t h a t   p r e p a r a t i o n   and  use   o f  

t h e   e n h a n c e d   HMBA  c o m p o s i t i o n s   of  t he   p r e s e n t  

i n v e n t i o n   a f f o r d s   n u m e r o u s   a d v a n t a g e s   o v e r  t h e  

c o n v e n t i o n a l   c a l c i u m   s a l t   as  a  m e t h i o n i n e   a c t i v i t y  

s o u r c e   in  a n i m a l   r a t i o n s .   The  e n h a n c e d   c o m p o s i t i o n s  

have   g r e a t e r   m e t h i o n i n e   a c t i v i t y   p e r   u n i t   w e i g h t ,  

l o w e r   m a n u f a c t u r i n g   c o s t   p e r   u n i t   m e t h i o n i n e   a c t i v i t y  

and  r e q u i r e s   l e s s   s t o r a g e   s p a c e   p e r   u n i t   m e t h i o n i n e  

a c t i v i t y .  

The  u s u a l   c o m m e r c i a l   fo rm  of  HMBA  is  t h e  

o p t i c a l l y   i n a c t i v e ,   r a c e m i c   D,L-HMBA  m i x t u r e .   I t  

s h o u l d   be  u n d e r s t o o d   t h a t   w h i l e   t he   HMBA  c o m p o s i t i o n s  

r e f e r r e d   to  h e r e i n a f t e r   a r e   r a c e m i c   m i x t u r e s ,   t h e  

i n d i v i d u a l   D-  and  L-  i s o m e r s   of  HMBA  can  be  c o n v e r t e d  

to  t h e   e n h a n c e d   s o l i d   HMBA  c o m p o s i t i o n s   of  t h e   p r e s e n t  

i n v e n t i o n s   by  t h e   p r o c e d u r e s   d e s c r i b e d   h e r e i n a f t e r .  

H e n c e ,   f o r   p u r p o s e s   of  t he   p r e s e n t   i n v e n t i o n   by  "HMBA" 

is   m e a n t   e i t h e r   t he   D-  or  L-  i s o m e r   o f  

2 - h y d r o x y - 4 - m e t h y l t h i o b u t a n o i c   a c i d   or  any  m i x t u r e   o f  

t h e   two  a b o v e - d e s c r i b e d   i s o m e r s   t h e r e o f .  

W h i l e   t he   p r e s e n t   i n v e n t i o n   e m b r a c e s   t h e  

f o r m a t i o n   of  t h e   a b o v e - d e s c r i b e d   s a l t   c o m p l e x ,   t h e  

p r e s e n t   i n v e n t i o n   c o n t e m p l a t e s   i n  i t s   b r o a d e s t   a s p e c t s  

t he   d i s c o v e r y   t h a t   e n h a n c e d   HMBA  c o m p o s i t i o n s   can  b e  

p r e p a r e d   in  s o l i d   f o rm  w h i c h   c o m p r i s e   g r e a t e r   t h a n   t w o  

m o l e s   and  l e s s   t h a n   a b o u t   t en   m o l e s   of  HMBA  e q u i v a l e n t  

pe r   mole   of  c a l c i u m .   M o r e o v e r ,   HMBA  is   p r e s e n t   i n  

e s s e n t i a l l y   m o n o m e r i c   f o r m .   When  more  t h a n   f o u r   m o l e s  

of  HMBA  a r e   u s e d   p e r   mole   of  c a l c i u m ,   t he   e x c e s s   f r e e  

HMBA  is   b e l i e v e d   to  be  t r a p p e d   as  i n c l u s i o n s   in  t h e  



a g g l o m e r a t e s   of  t he   s a l t   c o m p l e x   c r y s t a l s .   W h i l e   n o t  

f u l l y   u n d e r s t o o d ,   c o m p o s i t i o n s   c o m p r i s i n g   l e s s   t h a n  

f o u r   m o l e s   of  HMBA  e q u i v a l e n t   pe r   mole   of  c a l c i u m   a r e  

b e l i e v e d   to  e x i s t   as  a  m i x t u r e   of  c o n v e n t i o n a l   c a l c i u m  

s a l t   made  up  of  2  m o l e s   of  HMBA  e q u i v a l e n t   pe r   mole   o f  

c a l c i u m   and  t h e   a b o v e - d e s c r i b e d   c o m p l e x .   C o m p o s i t i o n s  

c o m p r i s i n g   a  m i x t u r e   of  Ca(HMBA)2  and  e n h a n c e d   s a l t  

c o m p l e x   o n l y   p a r t i a l l y   m e l t   a t   t he   s a l t   c o m p l e x  

m e l t i n g   t e m p e r a t u r e   of  a b o u t   1 3 0 ° C .   C o m p o s i t i o n s  

c o m p r i s i n g   l e s s   t h a n   a b o u t   s i x   m o l e s   of  HMBA 

e q u i v a l e n t   pe r   mole   of  c a l c i u m   a r e   p r e f e r r e d   s i n c e  

t h e s e   c o m p o s i t i o n s   p r e p a r e d   by  the   p r o c e s s   d e s c r i b e d  

h e r e i n a f t e r   a r e   f r e e   f l o w i n g   p o w d e r s   or  a g g l o m e r a t e s  

and  t h e r e f o r e   p o s s e s s   s u p e r i o r   b l e n d i n g  

c h a r a c t e r i s t i c s .  

By  "HMBA  e q u i v a l e n t "   is  m e a n t   t h e   a m o u n t   o f  

f r e e   HMBA  w h i c h   c o r r e s p o n d s   to  t he   HMBA  p r e s e n t   in  t h e  

c o m p o s i t i o n   w h e t h e r   in  f r e e   a c i d   or  i o n i z e d   f o r m .   F o r  

e x a m p l e ,   w h i l e   n o t   f u l l y   u n d e r s t o o d ,   c o m p o s i t i o n s  

c o m p r i s i n g   f o u r   m o l e s   of  HMBA  e q u i v a l e n t   pe r   mole   o f  

c a l c i u m   a r e   b e l i e v e d   to  c o m p r i s e   two  m o l e s   of  f r e e  

a c i d   and  two  m o l e s   of  i o n i z e d   HMBA  pe r   mole   o f  

c a l c i u m .  

The  e n h a n c e d   HMBA  c o m p o s i t i o n s   of  t h e  

p r e s e n t   i n v e n t i o n   a r e   p r e f e r a b l y   p r e p a r e d   b y  

c o n t a c t i n g   the   c o n v e n t i o n a l   c a l c i u m   s a l t   w i t h  

a d d i t i o n a l   HMBA.  I f   n e c e s s a r y ,   w a t e r   can   be  e a s i l y  

r e m o v e d   by  h e a t i n g   the   e n h a n c e d   HMBA  c o m p o s i t i o n s  

a b o v e   a b o u t   70°C .   When  two  m o l e s   of  HMBA  a r e  

c o n t a c t e d   w i t h   one  mole   of  Ca(HMBA)2 ,   a  h i g h l y  

c r y s t a l l i n e   c o m p l e x   is   f o r m e d .   When  more  t h a n   t w o  

m o l e s   of  HMBA  a r e   c o n t a c t e d   w i t h   one  mole   of  Ca (HMBA)2  

a g g l o m e r a t e s   of  t h e   c o m p l e x   a r e   f o r m e d .   T h e  

a g g l o m e r a t e s   i n c r e a s e   in  s i z e   as  t he   m o l a r   r a t i o   o f  

HMBA  to  c a l c i u m   i n c r e a s e s   a b o v e   f o u r .  



C o m p o s i t i o n s   of  t he   p r e s e n t   i n v e n t i o n   c a n  

a l s o   be  p r e p a r e d   by  c o n t a c t i n g   one  mole   of  c a l c i u m  

o x i d e ,   h y d r o x i d e   or  c a r b o n a t e   w i t h   more  t h a n   two  m o l e s  

of  HMBA  ( n e a t   or  in  a q u e o u s   s o l u t i o n )   in  t he   p r e s e n c e  

or  a b s e n c e   of  a  h e e l   of  t he   c o n v e n t i o n a l   c a l c i u m   s a l t  

of  HMBA  or  t h e   e n h a n c e d   s a l t   c o m p l e x   of  t he   p r e s e n t  

i n v e n t i o n .   W h i l e   i t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e  

p r e s e n c e   of  a  h e e l   of  t he   e n h a n c e d   s a l t   c o m p l e x   o r  

Ca(HMBA)2  is  n o t   c r i t i c a l   to  t he   p r e s e n t   i n v e n t i o n ,  

t he   p r e s e n c e   of  a  h e e l   r e n d e r s   t he   m i x t u r e   l e s s   s t i c k y  

and  e a s i e r   to  admix   to  s u b s t a n t i a l   h o m o g e n e i t y .   I f   a  

h e e l   is   u s e d ,   i t   is  p r e f e r r e d   t h a t   t he   h e e l   c o m p r i s e  

a t   l e a s t   20  p e r c e n t   of  t he   t o t a l   mass   of  t he   m i x t u r e .  

I t   s h o u l d   be  f u r t h e r   u n d e r s t o o d   t h a t   w h i l e   t e m p e r a t u r e  

is   n o t   a  c r i t i c a l   p a r a m e t e r   to  t h e   p r e s e n t   i n v e n t i o n ,  

t e m p e r a t u r e s   a b o v e   a b o u t   70°C  a r e   p r e f e r r e d   to  o b t a i n  

a  p o w d e r y   or  g r a n u l a r   p r o d u c t .  

F i n a l l y ,   e n h a n c e d   HMBA  c o m p o s i t i o n s  

c o m p r i s i n g   g r e a t e r   t h a n   two  and  l e s s   t h a n   a b o u t   f o u r  

m o l e s   of  HMBA  e q u i v a l e n t   p e r   mole   of  c a l c i u m   can  b e  

c r y s t a l l i z e d   f rom  an  a q u e o u s   s o l u t i o n   c o m p r i s i n g   HMBA 

and  Ca(HMBA)2,   c a l c i u m   o x i d e   or  c a l c i u m   h y d r o x i d e .   F o r  

e x a m p l e ,   t he   e n h a n c e d   s a l t   c o m p l e x   c o m p r i s i n g   a b o u t  

f o u r   m o l e s   of  HMBA  e q u i v a l e n t   pe r   mole   of  c a l c i u m   c a n  

be  c r y s t a l l i z e d   f rom  an  a q u e o u s   s o l u t i o n   c o m p r i s i n g  

b e t w e e n   a b o u t   2 .5   and  3 .0  m o l e s   of  HMBA  pe r   mole   o f  

Ca(HMBA)2.   The  r e a c t a n t s   a r e   p r e f e r a b l y   d i s s o l v e d   a t  

a  t e m p e r a t u r e   a b o v e   a b o u t   70°C  and  t h e n   s l o w l y   c o o l e d  

to  room  t e m p e r a t u r e .   D r y i n g   the   p r o d u c t   c o m p o s i t i o n  

a t   t e m p e r a t u r e s   a b o v e   a b o u t   70°C  f r e e s   t he   w a t e r   o f  

h y d r a t i o n   and  p r o d u c e s   e s s e n t i a l l y   f i n e   c r y s t a l s .  

A n a l y s i s   of  t h e   s a l t   c o m p l e x   c o m p o s i t i o n   c r y s t a l l i z e d  

i n d i c a t e s   t h a t   the   f r e e   HMBA  i n c l u d e d   in  t he   s a l t  

c o m p l e x   is   e s s e n t i a l l y   in  m o n o m e r i c   f o r m .  

The  f o l l o w i n g   e x a m p l e s   a r e   i n c l u d e d   t o  



b e t t e r   i l l u s t r a t e   t he   p r a c t i c e   of  t h e   p r e s e n t  

i n v e n t i o n .   I t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e s e  

e x a m p l e s   a r e   i n c l u d e d   f o r   i l l u s t r a t i v e   p u r p o s e s   o n l y  

and  a r e   n o t ,   in  any  way,   i n t e n d e d   to  l i m i t   t h e   s c o p e  
of  t he   p r e s e n t   i n v e n t i o n .   W h i l e   p r e p a r a t i o n   of  t h e  

e n h a n c e d   HMBA  c o m p o s i t i o n s   is   d e s c r i b e d   h e r e i n a f t e r  

w i t h   r e f e r e n c e   to  b a t c h   o p e r a t i o n s ,   i t   is  e v i d e n t   t o  

t h o s e   s k i l l e d   in  t he   a r t   t h a t   c o n t i n u o u s   p r o c e s s i n g   i s  

a l s o   s u i t a b l e   f o r   p r a c t i c e   of  t h e   p r e s e n t   i n v e n t i o n .  

A l t h o u g h  t h e   a q u e o u s   s o l u t i o n s   u s e d   h e r e i n a f t e r   a r e  

f a i r l y   c o n c e n t r a t e d ,   t h e   a m o u n t   of  w a t e r   p r e s e n t   i n  

t h e   p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   s h o u l d   n o t   b e  

c o n s i d e r e d   c r i t i c a l ,   b u t   r a t h e r   a  m a t t e r   of  e c o n o m i c s  

s i n c e   w a t e r   r e m a i n i n g   in  wet   p r o d u c t s   m u s t   b e  

e v a p o r a t e d   o f f   to  o b t a i n   a  f r e e   f l o w i n g ,   p o w d e r y  

p r o d u c t .   U n l e s s   o t h e r w i s e   n o t e d ,   a l l   p e r c e n t a g e s   a r e  

by  w e i g h t   and  a l l   t e m p e r a t u r e s   a r e   in  d e g r e e s  

c e n t i g r a d e .  

EXAMPLE  1 

A  b a t c h   o p e r a t i o n   was  p e r f o r m e d   in  a  

l a b o r a t o r y - s c a l e   d o u b l e   a rm,   s i g m a   b l a d e   m i x e r .   T h e  

m i x i n g   c h a m b e r   was  open   to  t he   a t m o s p h e r e   in  a  

l a b o r a t o r y   h o o d .   A  3 7 2 . 3   gm  s a m p l e   of  Ca(HMBA)2  w a s  

warmed   to  850C  w i t h   low  p r e s s u r e   s t e a m   in  t he   j a c k e t  

of  t h e   m i x e r .   Four   p o r t i o n s   ( 9 3 . 3   gm. ,   9 2 . 6   gm. ,   9 4 . 5  

gm.  and  9 6 . 3   gm.)   of  an  a q u e o u s   88%  HMBA  s o l u t i o n   w e r e  

u n i f o r m l y   a d d e d   to  t h e   m i x e r   f rom  a  b e a k e r   a t   a b o u t  

- f i f t e e n   m i n u t e   i n t e r v a l s .   The  c o m p o s i t i o n   w a s  a l m o s t  

d r y   w i t h i n   f i f t e e n   m i n u t e s   of  e a c h   HMBA  a d d i t i o n .   T h e  

c o m p o s i t i o n   was  f u r t h e r   m i x e d   and  d r i e d   in  t h e  

l a b o r a t o r y   m i x e r   f o r   t w e n t y - s e v e n   m i n u t e s   a t   7 3 ° - 8 2 ° C  

f o l l o w i n g   t he   l a s t   HMBA  a d d i t i o n .   A  6 3 4 . 8   gm  mass   o f  

p r o d u c t   was  r e c o v e r e d   f rom  t he   m i x e r .   S u b s e q u e n t   l o s s  

on  d r y i n g   a t   70°C  o v e r n i g h t   was  a p p r o x i m a t e l y   0 .4   w t % .  

A n a l y s i s   of  t he   d r y   p o w d e r y   p r o d u c t   by  X - r a y   p o w d e r  



d i f f r a c t i o n   showed   a  h i g h l y   c r y s t a l l i n e   s t r u c t u r e  

w h i c h   was  d i s t i n c t l y   d i f f e r e n t   f rom  Ca(HMBA)2.   T h e  

e n h a n c e d   s a l t   c o m p l e x   and  Ca(HMBA)2  c o n t e n t   of  t he   d r y  

p r o d u c t   w e r e   e s t i m a t e d   to  be  g r e a t e r   t h a n   90  wt%  a n d  

l e s s   t h a n   10  wt%,  r e s p e c t i v e l y   by  X - r a y   p o w d e r  

d i f f r a c t i o n   and  gas   c h r o m a t o g r a p h i c   d e t e r m i n a t i o n   o f  

the   f r e e   HMBA  monomer   c o n t e n t   of  t he   p r o d u c t .   T h e  

p r o d u c t   c o m p o s i t i o n   m e l t e d   a t   a b o u t   1 3 0 ° C .  

EXAMPLE  2 

A  2 8 4 . 5   gm  h e e l   of  Ca(HMBA)2  and  2 7 . 8   gms  o f  

c a l c i u m   h y d r o x i d e   we re   m i x e d   and  warmed   to  780C  a s  

d e s c r i b e d   in  E x a m p l e   1.  A  2 5 6 . 1   gm  s a m p l e   of  a n  

a q u e o u s   88%  HMBA  s o l u t i o n   as  d e s c r i b e d  a b o v e   was  a d d e d  

to  t he   m i x e r   c h a m b e r   o v e r   a  f i v e   m i n u t e   p e r i o d   a t  

7 8 ° - 8 6 ° C .   The  r e s u l t i n g   c o m p o s i t i o n   was  m i x e d   a n d  

d r i e d . i n   t h e   m i x e r   a t   7 4 ° - 8 2 ° C   f o r   a b o u t   t h i r t y - s e v e n  

m i n u t e s .   The  p a r t i a l l y   d r i e d   p r o d u c t   was  f u r t h e r  

d r i e d   o v e r n i g h t   a t   7 0 ° C .  

A n a l y s i s   of  t he   d r i e d   p r o d u c t   i n d i c a t e d   a n  

HMBA  e q u i v a l e n t   of  9 1 . 8   wt%.  The  e n h a n c e d   s a l t  

c o m p l e x   and  Ca(HMBA)2  c o n t e n t   of  t he   d ry   p r o d u c t   w e r e  

e s t i m a t e d   to  be  a b o u t   42  wt%  and  58  wt%,  r e s p e c t i v e l y ,  

by  X - r a y   p o w d e r   d i f f r a c t i o n   and  gas   c h r o m a t o g r a p h i c  

d e t e r m i n a t i o n   of  t he   f r e e   HMBA  monomer   c o n t e n t   of  t h e  

p r o d u c t .   The  p r o d u c t   p a r t i a l l y   m e l t e d   a t   a b o u t   1 3 0 ° .  

EXAMPLE  3 .  

C a l c i u m   h y d r o x i d e   and  an  a q u e o u s   88%  HMBA 

s o l u t i o n   w e r e   m i x e d   in  v a r i o u s   p r o p o r t i o n s   i n  

e v a p o r a t i n g   d i s h e s   a t   room  t e m p e r a t u r e   ( 22°C)   u s i n g   a  

m e t a l   s p a t u l a .   The  p r o d u c t   c o m p o s i t i o n s   we re   e i t h e r  

wet   p o w d e r ,   d o u g h - l i k e   m a t e r i a l ,   or  p a s t e   d e p e n d i n g   o n  

t he   r e a c t a n t   p r o p o r t i o n s .   A f t e r   b e i n g   d r i e d   o v e r n i g h t  

a t   700C  and  t h e n   g r o u n d   a l l   p r o d u c t   c o m p o s i t i o n s  

became   f r e e   f l o w i n g   p o w d e r s .   A n a l y t i c a l   r e s u l t s   o f  

p r o d u c t   c o m p o s i t i o n s   c o m p r i s i n g   g r e a t e r   t h a n   two  a n d  



up  to  a b o u t   f o u r   m o l e s   of  HMBA  e q u i v a l e n t   pe r   mole   o f  

c a l c i u m   a r e   s u m m a r i z e d   as  f o l l o w s :  

I t   s h o u l d   be  n o t e d   f rom  the   r e s u l t s   l i s t e d  

in  t h e   a b o v e   t a b l e   t h a t   c o m p o s i t i o n s   c o m p r i s i n g   s a l t  

c o m p l e x   and  Ca(HMBA)2  p r e p a r e d   a t   low  t e m p e r a t u r e s  
( 2 2 ° - 7 0 ° C )   t e n d   to  fo rm  h y d r a t e s .   I t   s h o u l d   b e  

f u r t h e r   n o t e d ,   h o w e v e r ,   t h a t   t he   h y d r a t e s   may  be  f r e e d  

of  w a t e r   of  h y d r a t i o n   by  d r y i n g   the   c o m p o s i t i o n s   a t  

t e m p e r a t u r e s   a b o v e   a b o u t   70°C .   A l l   of  t he   a b o v e  

p r o d u c t   c o m p o s i t i o n s   p a r t i a l l y   m e l t e d   b e t w e e n   1 2 1 ° C  

and  1 3 2 ° C .  

EXAMPLE  4 

A  3 4 . 1   gm  s a m p l e   of  an  a q u e o u s   88%  HMBA. 

s o l u t i o n   was  m i x e d   w i t h   3 . 7 1   gms  of  c a l c i u m   h y d r o x i d e  

in  an  e v a p o r a t i n g   d i s h   a t   room  t e m p e r a t u r e   ( 2 2 ° C )   a n d  

d r i e d   o v e r n i g h t   a t   22°C .   When  t he   m o i s t u r e   c o n t e n t  

had  r e a c h e d   11  wt%,  t he   p r o d u c t   c o m p o s i t i o n   w a s  

e x t r u d e d   t h r o u g h   16  mesh  m e t a l   s c r e e n   to  p r o d u c e   a  

g r a n u l a r   p r o d u c t .   A f t e r   d r y i n g   o v e r n i g h t   a t   70°C  t h e  

e x t r u d a t e   was  a  h a r d ,   d r i e d   s p a g h e t t i - l i k e   m a t e r i a l .  

The  t o t a l   HMBA  e q u i v a l e n t   c o n t e n t   was  9 4 . 7   wt%.  T h e  

p r o d u c t   p a r t i a l l y   m e l t e d   a t   a b o u t   1 3 1 ° C .  

EXAMPLE  5 

A  3 4 . 1   gm  s a m p l e   of  an  a q u e o u s   88%  HMBA 

s o l u t i o n   was  m i x e d   w i t h   2 . 8 0   gms  of  c a l c i u m   o x i d e   i n  



an  e v a p o r a t i n g   d i s h   a t   room  t e m p e r a t u r e   ( 2 2 ° C )   a n d  

d r i e d   o v e r n i g h t   22°C.   When  t h e   m o i s t u r e   c o n t e n t   h a d  

r e a c h e d   10  wt%,  t he   p r o d u c t   c o m p o s i t i o n   was  e x t r u d e d  

t h r o u g h   a  16  mesh  m e t a l   s c r e e n   to  p r o d u c e   a  g r a n u l a r  

p r o d u c t .   A f t e r   d r y i n g   o v e r n i g h t   a t   7 0 ° C ,   t h e  

e x t r u d a t e   was  a  h a r d ,   d r i e d   s p a g h e t t i - l i k e   m a t e r i a l .  

T o t a l   HMBA  e q u i v a l e n t   c o n t e n t   was  9 5 . 3   wt%.  T h e  

p r o d u c t   p a r t i a l l y   m e l t e d   a t   a b o u t   1 3 0 ° C .  

EXAMPLE  6 

A  9 2 . 4   gm  s a m p l e   of  Ca(HMBA)2  (HMBA 

e q u i v a l e n t   8 7 . 0 9   wt%)  and  1 1 4 . 6   gms  of  an  a q u e o u s   88% 

HMBA  s o l u t i o n   we re   m i x e d   in  3 4 3 . 8   gms  of  w a t e r   a n d  

warmed   to  92°C .   The  s o l i d   p a r t i c l e s   were   f i l t e r e d   o u t  

and  t h e   f i l t r a t e   p e r m i t t e d   to  c o o l .   Upon  s l o w   c o o l i n g  

o v e r n i g h t   a t   room  t e m p e r a t u r e   ( 2 2 ° C )   t h e   f i l t r a t e  

y i e l d e d   a  l a r g e   q u a n t i t y   of  p r e c i p i t a t e .   A n a l y s i s   o f  

p r o d u c t   c r y s t a l s   a f t e r   d r y i n g   o v e r n i g h t   a t   7 0 ° C  

i n d i c a t e d   a  t o t a l   HMBA  e q u i v a l e n t   of  9 3 . 5   wt%.  T h e  

d r i e d   p r o d u c t   was  a  f r e e   f l o w i n g   p o w d e r .  

Unde r   m i c r o s c o p i c   e x a m i n a t i o n ,   t h e   c r y s t a l s  

of  s a l t   c o m p l e x   a p p e a r e d   as  s h i n y   g l a s s y   m a t e r i a l  

w h i l e   c o n v e n t i o n a l   Ca(HMBA)2  c r y s t a l s   a p p e a r e d   a s  

w h i t e   p o w d e r .  

EXAMPLE  7 

A  1 5 6 . 9   gm  h e e l   of  Ca(HMBA)2  and  2 8 . 9   gms  o f  

c a l c i u m   o x i d e   we re   m i x e d   and  warmed   to  88°C  in  a  

l a b o r a t o r y - s c a l e   d o u b l e   a rm,   s i g m a   b l a d e  m i x e r .   A 

3 3 7 . 6   gm  a l i q u o t   of  an  a q u e o u s   89  wt%  HMBA  s o l u t i o n  

was  s l o w l y   a d d e d   to  t he   m i x e r   c h a m b e r   o v e r   a  

s e v e n t y - t h r e e   m i n u t e   p e r i o d .   M o i s t u r e   was  e v a p o r a t e d  

o f f   o v e r   an  a d d i t i o n a l   e i g h t e e n   m i n u t e   p e r i o d .  

A n a l y s i s   of  t h e   p r o d u c t   w i t h o u t   f u r t h e r  

d r y i n g   i n d i c a t e d   an  HMBA  e q u i v a l e n t   c o n t e n t   of  9 2 . 4   w t  

%.  The  p r o d u c t   m e l t e d   a t   a b o u t   1 2 8 ° C .  



EXAMPLE  8 

A  1 1 3 . 5   gm  h e e l   of  Ca(HMBA)2  and  2 5 . 5   gms  o f  

c a l c i u m   h y d r o x i d e   we re   m i x e d   and  warmed   to  81°C  in  a  

p r e h e a t e d   l a b o r a t o r y - s c a l e   d o u b l e   a rm,   s i g m a   b l a d e  

m i x e r .   A  4 2 8 . 5   gm  s a m p l e   o f  a n   a q u e o u s   70  wt %  HMBA 

s o l u t i o n   was  s l o w l y   a d d e d   to  t he   m i x e r   c h a m b e r   o v e r   a  

one  h u n d r e d   t h i r t y - s i x   m i n u t e   p e r i o d .   M o i s t u r e   w a s  

e v a p o r a t e d   o f f   o v e r   an  a d d i t i o n a l   t w e n t y - f i v e   m i n u t e  

p e r i o d .  

A n a l y s i s   of  t he   p r o d u c t   w i t h o u t   f u r t h e r  

d r y i n g   i n d i c a t e d   an  HMBA  e q u i v a l e n t   c o n t e n t   of  9 4 . 0   w t  

%.  The  p r o d u c t   m e l t e d   a t   a b o u t   1 2 7 ° C .  

EXAMPLE  9 

A  1 8 0 . 4   gm  a l i q u o t   of  a  98  wt  %  HMBA 

s o l u t i o n   was  s l o w l y   a d d e d   to  a  2 0 0 . 0   gm  s a m p l e   o f  

Ca(HMBA)2  in  a  l a b o r a t o r y - s c a l e   p l a n e t a r y   m i x e r   a t  
2 5 ° C .  

A n a l y s i s   of  t he   u n d r i e d   p r o d u c t   i n d i c a t e d   a 
HMBA  e q u i v a l e n t   c o n t e n t   of  9 2 . 1   wt  %.  The  p r o d u c t  

m e l t e d   a t   a b o u t   1 1 9 ° C .  

EXAMPLE  10  

A  3 8 . 2   gm  s a m p l e   of  c a l c i u m   h y d r o x i d e   w a s  
m i x e d   w i t h   a  9 3 . 8   gm  h e e l   of  e n h a n c e d   s a l t   c o m p l e x  

c o m p r i s i n g   a b o u t   f o u r   m o l e s   of  HMBA  e q u i v a l e n t   p e r  
mole   of  c a l c i u m   in  a  l a b o r a t o r y - s c a l e   s i g m a   b l a d e  

m i x e r   p r e h e a t e d   to  72°C .   A  3 3 8 . 2   gm  s a m p l e   of  a n  

a q u e o u s   89  wt %  HMBA  s o l u t i o n   was  s l o w l y   a d d e d   to  t h e  

m i x t u r e   o v e r   a  s e v e n t y - f i v e   m i n u t e   p e r i o d .  

M o i s t u r e   was  e v a p o r a t e d   o f f   o v e r   an  a d d i t i o n a l   f i f t e e n  

m i n u t e   p e r i o d .  

A n a l y s i s   of  t he   p r o d u c t   w i t h o u t   f u r t h e r  

d r y i n g   i n d i c a t e d   an  HMBA  e q u i v a l e n t   c o n t e n t   o f  

9 4 . 3   wt  %.  The  p r o d u c t   m e l t e d   a t   a b o u t   1 2 5 ° C .  

EXAMPLE  11  

C a l c i u m   h y d r o x i d e   was  m i x e d   w i t h   v a r y i n g  



c o n c e n t r a t i o n s   of  an  a q u e o u s   HMBA  s o l u t i o n   so  t h a t   i n  

e a c h   c a s e   c a l c i u m   and  HMBA  were   p r e s e n t   in  a  one  t o  

f o u r   m o l a r   r a t i o .   The  HMBA  s o l u t i o n s   u s e d   r a n g e d   f r o m  

5 0 . 9   to  9 9 . 8   wt %  HMBA.  The  c o m p o s i t i o n s   we re   m i x e d  

in  e v a p o r a t i n g   d i s h e s   a t   room  t e m p e r a t u r e   ( 2 2 ° C )   u s i n g  

a  m e t a l   s p a t u l a .   P r o d u c t s   we re   e i t h e r   d o u g h - l i k e  

m a t e r i a l   or  p a s t e   d e p e n d i n g   on  t h e   a m o u n t   of  w a t e r  

i n v o l v e d .   H o w e v e r ,   a f t e r   b e i n g   d r i e d   o v e r n i g h t   a t  
700C  and  t h e n   g r o u n d   a l l   p r o d u c t   c o m p o s i t i o n s   w e r e  

f r e e   f l o w i n g   p o w d e r s .   A l l   d r i e d   p r o d u c t   c o m p o s i t i o n s  

e x h i b i t e d   an  a n g l e   of  r e p o s e   of  a p p r o x i m a t e l y   40 

d e g r e e s .  

EXAMPLE  12  

C a l c i u m   h y d r o x i d e   and  an  a q u e o u s   88  w t  %  

HMBA  s o l u t i o n   we re   m i x e d   in  v a r i o u s   p r o p o r t i o n s   so  a s  

to  a t t a i n   m i x t u r e s   c o r r e s p o n d i n g   to  b e t w e e n   4  and  10 

m o l e s   ( a t   i n t e g r a l   i n c r e m e n t s ,   i n c l u s i v e )   of  HMBA 

e q u i v a l e n t   pe r   mole   of  c a l c i u m .   The  c o m p o s i t i o n s   w e r e  

m i x e d   in  e v a p o r a t i n g   d i s h e s   a t   room  t e m p e r a t u r e   ( 2 2 ° C )  

u s i n g   a  m e t a l   s p a t u l a .   The  p r o d u c t   c o m p o s i t i o n s  

v a r i e d   f rom  d o u g h - l i k e   m a t e r i a l   to  p a s t e   d e p e n d i n g   o n  

r e a c t a n t   c o n c e n t r a t i o n s .   A f t e r   b e i n g   d r i e d   o v e r n i g h t  

a t   70°C  and  t h e n   g r o u n d ,   c o m p o s i t i o n s   c o m p r i s i n g   f o u r  

to  s i x   m o l e s   of  HMBA  e q u i v a l e n t   p e r   mole   of  c a l c i u m  

were   f r e e   f l o w i n g   p o w d e r s   w i t h   an  a n g l e   of  r e p o s e   o f  

a b o u t   40  d e g r e e s .   C o m p o s i t i o n s   c o m p r i s i n g   s e v e n   to  t e n  

m o l e s   of  HMBA  e q u i v a l e n t   pe r   mole   of  c a l c i u m   w e r e  

t a c k y   to  s t i c k y   m a t e r i a l s   w i t h   an  a n g l e   of  r e p o s e  

b e t w e e n   a b o u t   f i f t y   and  e i g h t y - f i v e   d e g r e e s .  



1.  A  so l id   calcium-HMBA  composi t ion  which  comprises  g r e a t e r  
than  two  and  less  than  about  ten  moles  of  2 - h y d r o x y - 4 - m e t h y l -  

t h i o b u t a n o i c   acid  e q u i v a l e n t   per  mole  of  calcium  in  s a i d  

c o m p o s i t i o n .  

2.  The  composi t ion   of  Claim  1  in  wh ich  s a id   acid  con ten t   i s  

g r e a t e r   than  two  and  less  than  about  six  moles  of  2 - h y d r o x y - 4 -  

m e t h y l t h i o b u t a n o i c   acid  e q u i v a l e n t   per  mole  of  c a l c i u m .  

3.  The  composi t ion   of  Claim  1  in  which  said  acid  con ten t   i s  

g r e a t e r   than  about  four  and  less  than  about  six  moles  o f  

2 - h y d r o x y - 4 - m e t h y l t h i o b u t a n o i c   acid  e q u i v a l e n t   per  mole  o f  

c a l c i u m .  

4.  The  composi t ion   of  Claim  1  in  which  said  acid  con ten t   i s  

about  four  moles  of  2 - h y d r o x y - 4 - m e t h y l t h i o b u t a n o i c   a c i d  

e q u i v a l e n t   per  mole  of  c a l c i u m .  

5.  A  method  of  p repa r ing   an  enhanced  2 - h y d r o x y - m e t h y l t h i o -  

butanoic   acid  composi t ion   which  comprises  c o n t a c t i n g   2 - h y d r o x y -  

4 - m e t h y l t h i o b u t a n o i c   acid  with  the  conven t iona l   calcium  s a l t   o f  

2 - h y d r o x y - 4 - m e t h y l t h i o b u t a n o i c   acid  so  tha t   the  overa l l   c o n t e n t  

of  the  mixture  comprises  g r e a t e r   than  two  and  less  than  a b o u t  

ten  moles  of  2 - h y d r o x y - 4 - m e t h y l t h i o b u t a n o i c   acid  e q u i v a l e n t   p e r  
mole  of  c a l c i u m .  

6.  A  method  of  p repa r ing   an  enhanced  2 - h y d r o x y - 4 - m e t h y l t h i o -  

butanoic   acid  composi t ion   which  comprises  c o n t a c t i n g   2 - h y d r o x y -  

4 - m e t h y l t h i o b u t a n o i c   acid  with  the  composi t ion  of  Claim  4  so 

tha t   the  ove ra l l   con ten t   of  the  mixture  comprises  g r e a t e r   t h a n  

two  and  less  than  about  ten  moles  of  2 - h y d r o x y - 4 - m e t h y l t h i o -  

butanoic   acid  e q u i v a l e n t   per  mole  of  c a l c i u m .  

7.  A  method  of  p r epa r ing   an  enhanced  2 - h y d r o x y - 4 - m e t h y l t h i o -  

butanoic   acid  composi t ion   which  comprises  c o n t a c t i n g   2 - h y d r o x y -  

4 - m e t h y l t h i o b u t a n o i c   acid  with  a  calcium  source  s e l e c t e d   f rom 

calcium  oxide,   calcium  hydroxide  and  calcium  ca rbona te   so  t h a t  

the  overa l l   con ten t   of  the  mixture  comprises   g r e a t e r   than  two 

and  less   than  about  ten  moles  of  2 - h y d r o x y - 4 - m e t h y l t h i o b u t a n o i c  

acid  e q u i v a l e n t   per  mole  of  c a l c i u m .  



8.  The  method  of  Claim  7  in  which  the  2 - h y d r o x y - 4 - m e t h y l t h i o -  

butanoic   acid  is  con tac ted   with  said  calcium  source  and  with  t h e  

convent iona l   calcium  s a l t   of  2 - h y d r o x y - 4 - m e t h y l t h i o b u t a n o i c   a c i d .  

9.  The  method  of  Claim  8  in  which  the  conven t iona l   s a l t   o f  

2 - h y d r o x y - 4 - m e t h y l t h i o b u t a n o i c   acid  c o n s t i t u t e s   at  l e a s t   a b o u t  

twenty  percent   of  the  to ta l   mass  of  the  m i x t u r e .  

10.  The  method  of  Claim  7  in  which  the  2 - h y d r o x y - 4 - m e t h y l t h i o -  

butanoic   acid  is  con tac ted   with  said  calcium  source  and  w i t h  

the  composi t ion  of  Claim  4 .  

11.  The  method  of  Claim  10  in  which  the  composi t ion   of  Claim  4 

c o n s t i t u t e s   at  l e a s t   about  twenty  percent   of  the  to ta l   mass  o f  

the  m i x t u r e .  

12.  The  method  of  any  of  Claims  7  to  11  in  which  the  c o n t a c t i n g  

is  c a r r i e d   out  at  a  t empera ture   of  at  l e a s t   about  70°C. 
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